Diabetes insipidus is a rare but serious endocrine disorder. Paediatric patients were evaluated for polyuria at King Khalid University Hospital, Riyadh, Saudi Arabia, over a decade . Relevant clinical examination and/or a triad of high serum osmolality, hypernatremia and low urine osmolality due to increased urine output confirmed the diagnosis. Water deprivation test was required in some cases with non-classic presentations. Appropriate brain imaging was performed whenever central diabetes insipidus (CDI) was suspected. Twenty-eight patients, 15 males (53.6%) and 13 females (46.4%), aged 0-17 years (mean: 6 years) were included. The calculated period prevalence was 7 in 10 000. In our cohort, 60.7% (17 of 28 patients) had CDI, 21.4% (6 of 28) were diagnosed with nephrogenic diabetes insipidus (NDI) and 17.9% (5 of 30) had psychogenic polydipsia. CDI was due to variable aetiology. Though CDI was the commonest, NDI was not a rare encounter in our community, possibly because of high consanguineous marriages.
I N T R O D U C T I O N
Diabetes insipidus (DI) is a rare, but serious, endocrine disorder in infants, children and young adults. The hallmarks of the disease are polydipsia and polyuria, with a diluted urine, evident hypernatremia and increased serum osmolality [1] [2] [3] [4] [5] [6] .
In general, the incidence of DI in population is estimated to be 3 in 100 000, which is slightly higher among male subjects [2] . An X-linked recessive nephrogenic diabetes insipidus (NDI) is rarer. There is no accurate measurement of the incidence of compulsive water drinking (CWD) worldwide, but was previously estimated to be up to 40% of the cases of polyuria [2] . However, it is likely that there are variations between different countries in the DI incidence. In Saudi Arabia, the estimated incidence is 3869 in 25 795 938 population, i.e. 1.5 in 10 000 people [7] .
The most common form of DI is central diabetes insipidus (CDI) or also called neurogenic DI, which results from impairment in the production, transport or storage of arginine vasopressin (AVP), also known as antidiuretic hormone (ADH) [8] . The less common NDI includes X-linked recessive, autosomal recessive and autosomal dominant forms, and is estimated to occur, globally, at an incidence of 4 in 1 000 000 patients [2, 9, 10] . CDI is usually caused by different disorders, which lead to destruction or degeneration of the neurons that originate in the supraoptic and paraventricular nuclei of the hypothalamus. Some of the known implicated disorders or lesions include inherited genetic defects in the synthesis of vasopressin, germinomas, craniopharyngiomas and other brain tumours and related neurosurgery as well as accidental head injuries [11, 12] . Other causes include Langerhans cell histiocytosis, inflammatory, autoimmune and vascular causes; however, 30-50% of cases are idiopathic in origin [13] [14] [15] [16] .
In this article, we attempted to identify the clinical pattern, including aetiology, imaging findings and age distribution, of DI paediatric patients, who presented or referred to the endocrine clinic at King Khalid University Hospital, Riyadh, over a decade, from different parts of Saudi Arabia.
P A T I E N T S A N D M E T H O D S
The study group was composed of patients less than 18 years of age evaluated for polyuria and/or polydipsia at King Khalid University Hospital, Riyadh, Saudi Arabia, over a 13 year period (January 2000-December 2013).
The diagnosis was based on a history of polyuria and polydipsia, the results of physical examination and the triad of diluted urine (specific gravity of less than 1.015 or urine osmolality of less than 200 mosm/l), hypernatremia [serum Na >145 mmol/L (145 mEq/L)] and serum osmolality (>300 mosm/l). Additional supporting evidence included diagnostic results of water deprivation test (WDT), in patients who had non-classic presentations, which demonstrated evidence of ADH deficiency or resistance to its action, and appropriate imaging studies of the brain and pituitary gland for CDI, as well as investigations of the renal system for NDI, when appropriate [2, 6, 9, 17, 18] .
Anterior pituitary functions were assessed in patients with CDI at presentation, and periodically thereafter, when appropriate. Standard hormonal assay methods were used to measure all of the pituitary hormones. Patients with deceleration of their rate of growth were considered to have possible growth hormone deficiency, and therefore, growth hormone dynamic tests were arranged accordingly. Central hypothyroidism was diagnosed when a low, or low normal, thyrotrophic hormone concentration was present in the context of a low serum free thyroxine (FT4) level. The plasma corticotrophin (adrenocorticotropic hormone) and 09:00 am serum cortisol levels were measured at the time of presentation, and a baseline morning serum cortisol of 130 nmol/l, an increment from baseline serum cortisol level less than 200 nmol/l or a peak serum cortisol concentration of less than 500 nmol/l post stimulation were used to indicate adrenal insufficiency.
R E S U L T S
During the period under review, approximately 2500 children were annually admitted to three paediatric wards and a paediatric intensive care unit (PICU) at King Khalid University Hospital (KKUH). Overall, 28 children were evaluated for polyuria, polydipsia or other history and/or examination suggestive of DI over a 13 year period . In this cohort, there were almost equal numbers of male and female patients, with an age range of 0-17 years (mean: 6 years) at presentation (Table 1) . Seventy-five percent (21 of 28 patients) have shown the classic triad of DI at diagnosis. In fact, it was difficult to differentiate clinically between the idiopathic type of CDI, primary NDI and psychogenic polydipsia. Hence, WDT was required in 7 of 28 (25%) patients, which revealed a diagnosis of DI in two of these patients, making the total number of DI patients in the study group 23 of 28 (82.1%) patients. The calculated period prevalence of 23 DI patients of 32 500 admitted patients to paediatric wards and PICU at KKUH in the study period was 0.0007, i.e. 7 in 10 000. All patients with suspected CDI had magnetic resonance
The Clinical pattern of Diabetes Insipidus 101 imaging (MRI) of the brain done, which showed anatomical defects of the pituitary gland in 11 of 28 (39.3%) patients (Table 2) . Anterior pituitary deficiencies were found in 8 of 17 (47%) patients with CDI (Table 2 ). In 6 of 28 (21.4%) patients, where NDI was suspected, further renal investigations, including abdominal ultrasound scan, were performed to clarify any secondary causes of NDI.
Regarding the aetiology of polyuria in the study group, 60.7% (17 of 28) of patients had DI due to neurogenic causes, 21.4% (6 of 28) had NDI and 17.9% (5 of 28) were due to CWD, also known as psychogenic polydipsia (Table 3 ). However, none of these patients with CWD had a precipitating psychiatric illness, or been on a medication that is known to result in DI such as phenothiazine. The CWD patients presented with polyuria, polydipsia and variable levels of serum sodium that are masked by excessive water drinking, and the WDT was required in all of them to establish the diagnosis. Three out of a total of 17 patients of CDI (i.e. 17.6%) had idiopathic DI. Intracranial lesions were found in 14 of 17 (82.4%) patients, including 7 of 17 (41.2%) patients due to brain tumours and/or related surgery. The brain tumours included glioma, craniopharyngioma, germinoma, astrocytoma, prolactinoma and ectodermal tumour. In addition, 2 of 17 CDI patients were diagnosed as holoprosencephally, 1 of 17 patient had traumatic brain injury, 2 of 17 patients were due to post-streptococcal meningitis and 1 of 17 with histiocytosis-x (based on a radiological diagnosis) ( Table 4) . Twenty percent (6 of 28) of patients in our study group had primary NDI.
All of our DI patients and/or their parents were educated about the disease and its management. The therapeutic goals were to reduce polyuria and decrease thirst to maintain normal lifestyle and to achieve better outcome of growth and psychomotor development. They all have free access to water. CDI patients received age-appropriate doses of oral desmopressin as a standard therapy, though quite a few of the patients required temporal intranasal spray form of desmopressin when their gastrointestinal intake or absorption was not secured or the oral intake should be withheld for clinical purposes. Generally speaking, NDI was difficult to treat, as it does not respond to desmopressin. Hydrochlorothiazide (2-4 mg/kg/day in divided doses), in addition to amiloride diuretic in some cases, was used to ameliorate the sodium and water losses in urine. Yet, our NDI patients have multiple hypo-and hypernatremic episodes, which lead to significant growth and developmental delay in all patients.
D I S C U S S I O N Our study shows that DI is not that rare in children and young adults of our population, with predominance, as in previous reports from elsewhere in the world, of CDI (Table 3 ) [10] . Other causes of polyuria and polydipsia such as hypercalcemia, hypokalemia and sodium homeostatic disorders, renal diseases, as well as, diuretic ingestion should be ruled out. CWD, also called psychogenic polydipsia, although rare in occurrence in infants and children, can simulate DI and complicate the diagnosis. It is usually associated with and/or caused by a broad spectrum of psychopathology ranging from mild neurosis to psychosis that may occur in many children with chronic disease [19] [20] [21] .
WDT is useful to determine whether the patient has DI as opposed to other causes of polydipsia, mainly CWD. The patient is required to withhold water intake for a variable period ranging from 4 to 18 h, depending on the age of the child and the ongoing test results to determine the cause of the thirst. Changes in body weight, urine output and urine composition are measured when fluids are withheld. Both of serum and urine osmolalities are also serially measured in the test. Sometimes measuring blood levels of ADH during this test is also necessary, and administering synthetic ADH (desmopressin) may be necessary to distinguish between the two types of DI if there is no change in water loss despite fluid deprivation.
CDI usually results from destruction of the neurons that originate in the supraoptic and paraventricular nuclei of the hypothalamus, craniopharyngioma and other brain tumours, trauma resulting from surgery and Langerhans cell histocytosis may be implicated. Inflammatory and autoimmune disorders, such as pituitary hypophyitis, usually appear in young adults.
As in our postoperative group of patients, the diagnosis of postoperative CDI is usually based on both clinical and biochemical data. Patients characteristically complain of abrupt onset of polyuria and polydipsia, usually in the first 24 h after neurosurgery, and often describe a craving for ice-cold water, which quenches osmotically stimulated thirst. Urine studies should reveal hypotonic urine with specific gravity of less than 1.015 or urine osmolality of less than 200 mOsm/l. Urine output is typically voluminous. Serum hyperosmolality and hypernatremia also strongly support the diagnosis [8] .
MRI can facilitate the diagnosis of CDI [22] [23] [24] [25] . The presence of vasopressin and oxytocin is normally shown as a bright spot in the posterior pituitary on T-weighted (contrast enhanced) images (Fig. 1) . The posterior pituitary bright spot, however, might still be seen at the early phases of the disease, so its presence does not exclude a diagnosis of CDI [22] [23] [24] [25] . In the most known 11 forms of CDI, a rare genetic neurogenic type is usually due to an inherited mutation of the Arginine-Vasopressin-Neurophysin (21 AVP-NPH) gene, which is inherited in an autosomal dominant manner [11] . There are also autosomal recessive and X-linked familial forms.
In NDI, including X-linked recessive, autosomal recessive and autosomal dominant forms, there will be a renal tubular resistance to vasopressin [26] . The defect is in the vasopressin receptors or in one of the water channel proteins (Aquaporins 2 receptor-AQP2) involved in water transport. NDI can also be secondary in origin, associated with inherited diseases, such as the reported cases in Balter syndrome [26] . Further causes of acquired NDI can be due to drugs or renal disorders [26] . In a community with high prevalence of consanguinity, as in the Middle East, more cases of familial NDI would be expected to observe [27] .
In general, DI patients and/or their parents should be educated about the disease and its management. The therapeutic goals are to reduce the polyuria and decrease thirst, so that the patient is able to grow adequately, maintaining a normal lifestyle and having a normal psychomotor development. Though, this can be quite challenging, as observed in our cohort, in NDI patients. Nevertheless, this goal can be achieved through some general strategies, beside drug treatment, such as having free and easy accessibility to drinking water, which is extremely important in the management of these patients. Hence, patients with DI can drink enough fluid to replace their urine losses especially if they live or stay in very warm climates such as in the Middle East.
C O N C L U S I O N DI is probably more prevalent in children and young adults than what has been previously estimated in Saudi Arabia. In Arab community, probably because of high incidence of consanguineous mating, NDI may be encountered more frequently. CDI, similar to elsewhere in the world, was more frequently observed in our study group and brain tumours and related neurosurgery are the major causes. However, idiopathic CDI was not uncommon. 
